online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(6): 800-804, September 2012 Human bocaviruses (HBoVs) were first detected in a pool of respiratory aspirates obtained from children presenting with respiratory illness (Allander et al. 2005) and, more recently, in faecal samples from children presenting with fever and diarrhoea with or without associated respiratory symptoms (Albuquerque et al. 2007 ).
The HBoVs belong to the Parvoviridae family, subfamily Parvovirinae, genus Bocavirus (ICTV 2008) . These agents are non-enveloped and have a diameter of approximately 18-26 nm and their genomes consist of single-stranded DNA of positive or negative polarity. The genome has three open reading frames (ORFs). The first ORF encodes for a non-structural viral protein (NS1) of unknown function for HBoVs. The second ORF encodes for two major structural proteins (VP1 and VP2) that comprise the viral capsid. The third ORF encodes for a non-structural nuclear phosphoprotein (NP1) (Allander et al. 2005 , Schildgen et al. 2008 , Jartti et al. 2012 .
Genomic analysis of the structural (VP1/VP2) and non-structural regions (NS1 and NP1) of the HBoV have permitted the identification of four viral species: HBoV-1, HBoV-2, HBoV-3 and HBoV-4 (Kapoor et al. 2010) .
Since its discovery, the HBoV-1 detection rate has varied from 2-19% in patients with upper or lower respiratory disease (Allander et al. 2005 , Lau et al. 2007 , Monteny et al. 2007 , Tozer et al. 2009 ). HBoV-2, HBoV-3 and HBoV-4 have mainly been detected in stool samples, with HBoV-2 and possibly HBoV-3 being associated with gastroenteritis , Jartti et al. 2012 . However, several studies (Campe et al. 2008 , Arthur et al. 2009 , Han et al. 2009 ), including those conducted in Brazil (Albuquerque et al. 2007 , Santos et al. 2010 , have attempted to detect HBoVs in faecal samples obtained from individuals presenting with acute gastroenteritis.
In addition, in the Central-West Region of Brazil, many studies have focused on the investigation of other gastroenteric agents in this population (Cardoso et al. 1989 , 2003 , Camarota et al. 1992 , Borges et al. 2006 , Oh et al. 2006 , Andreasi et al. 2008 , Silva et al. 2009 ). Therefore, the objective of this study, the first conducted in this region, was the detection of HBoV-1 and HBoV-3 in faecal samples obtained from children under five years of age presenting with acute gastroenteritis.
SUBJECTS, MATERIALS AND METHODS
Material of study -Seven hundred sixty-two faecal samples were obtained from an equal number of children under five years of age presenting with acute gastroenteritis. The children underwent care in three Health Care units located in the cities of Goiânia, state of Goiás, Brasília, Federal District, and Campo Grande, state of Mato Grosso do Sul, Central-West Region of Brazil. Of the total of samples, 401 were obtained from children from Goiânia during 1998 Goiânia during -2002 were collected from Brasília during the periods of 1994-1996 and 1998-2002 and 231 samples originated from Campo Grande during 2000-2004. All faecal samples were previously tested for group A rotavirus (RVA), adenovirus, calicivirus and astrovirus and the samples obtained in Campo Grande were screened for Aichi virus. No bacteriological analysis was conducted in the present study.
The samples were collected after a written informed consent was provided by parents or legal guardians. The study was approved by the Committee of Ethical in Research of the Federal University of Goiás (protocol 004/2000).
HBoV-1 and HBoV-3 detection -The HBoVs were detected using polymerase chain reaction (PCR) assays according to the protocol described by Albuquerque et al. (2007) with certain modifications. The viral DNA was extracted using a commercial kit (Wizard Genomic DNA Purification Kit, Promega) according to the manufacturer's instructions. The extracted material was amplified using the primer pairs HBoV 01.2 and HBoV 02.2 (Sloots et al. 2006 ) to specifically target a segment of the NS1 gene of HBoV-1 and HBoV-3. The reaction mixture was prepared for a final volume of 25 µL using 5 x reaction buffer (PCR buffer -20 mM TRIS-HCL pH 8, 4/20 mM KCL 500m mM), 10 mM of each deoxynucleotide triphosphate, 25 mM MgCl 2 , 0.2 µM of each specific primer and 2 U/µL of Taq DNA polymerase (Invitrogen/ Life Technologies). The amplification was performed using the following conditions: 95ºC for 15 min, 45 cycles of 94ºC for 20 sec, 56ºC for 20 sec and 72ºC for 30 sec and a final extension at 72ºC for 5 min. Positive controls (samples that were previously tested for HBoV-1/HBoV-3 using PCR and sequencing) and negative controls (Milli-Q water) were used in all reactions. The amplicons were resolved by electrophoresis on a 1.5% agarose gel and visualised using a UV light transilluminator (Macro Vue UV-20-Hoefer Scientific Instruments) for the observation of the expected size fragments (291 bp).
Determination of the HBoV species -Genomic sequencing -For the determination of viral species, genomic sequencing was performed using PCR products purified with the QIAquik ® system (Qiagen, São Paulo, Brazil) and the primer pair described above. The sequencing reaction was conducted following the methodology described by Sanger et al. (1977) using a ABI Prism 3130 Genetic Analyser (Applied Biosystems, Foster City, CA) and the BigDye Terminator Cycle Sequencing ABI 3130 kit (Applied Biosystems, Foster City, CA).
Phylogenetic analysis -The quality of the obtained nucleotide sequences was analysed using the program Phred and the program CLUSTALX (Tompson et al. 1997 ) was then used to compare to other sequences deposited in GenBank. The phylogenetic analyses and tree generation were performed using CLUSTALX with the neighbour-joining algorithm (Saitou & Nei 1987) . The following reference sequences were used for the comparative analysis: HBoV-1 (DQ000495, DQ000496, EF450739, EF560207, EF560209 and EF560207), HBoV-2 (EU062213 and FJ170280) and HBoV-3 (EU918738, GQ887666 and GQ887667).
Statistical analysis -
The statistical analysis of the data was performed with the software Epi Info version 6.0 using the chi-squared (X 2 ) test and the exact Fisher test, when appropriate. Statistical significance was assessed at a p value of < 0.05.
RESULTS
HBoV 1 and 3 detection -An overall positivity rate of 5.8% (44/762) was observed for HBoV-1and HBoV-3. When the city of the sample collection was considered, similar detection rates were observed: 5%, 6.5% and 6.9% for Goiânia, Campo Grande and Brasília, respectively (p > 0.05). Regarding the children's gender, similar rates were also detected for all three cities with global detection rates of 5.7% and 5.8% for males and females, respectively (p > 0.05). No significant differences in the HBoV-1 and HBoV-3 positivity rates were observed for any particular age group (p > 0.05).
The data were also analysed to assess the possibility of a seasonal circulation pattern for HBoV-1 and HBoV-3. Positivity rates of 5.4% and 6.3% were observed for the rainy and dry seasons, respectively (p > 0.05).
The data were also analysed for the occurrence of coinfection with other previously identified gastroenteric viruses and a global co-infection rate of 31.8% was observed. Of the total samples that presented with a co-infection, nine were also positive for RVA and five were positive for Aichi virus. However, Aichi virus detection was only performed on the samples obtained in Campo Grande.
Identification of HBoV species -Twelve of the 44
HBoV-positive samples identified via PCR were sequenced and a phylogenetic analysis was performed using a partial sequence of the NS1 gene. Of the total samples, 11 were characterised as HBoV-1 and one was characterised as HBoV-3 (Figure) . The samples identified as HBoV-1 were obtained from children in the three cities of the study and three samples, two from Brasília and one from Campo Grande, showed 100% nucleotide identity. Additionally, four isolates from Campo Grande showed 97% identity and formed an isolated group. The sample characterised as HBoV-3 was obtained from a child in Brasília.
DISCUSSION
HBoV detection in faecal samples from individuals with acute gastroenteritis has gained importance following the positive identification of bocavirus in faecal samples from individuals throughout the world (Albuquerque et al. 2007 , Lau et al. 2007 , Monteny et al. 2007 , Vicente et al. 2007 , Han et al. 2009 , Chow et al. 2010 , Kantola et al. 2010 , Jin et al. 2011 . In Brazil, only three studies have been published regarding HBoV detection in children with acute gastroenteritis (Albuquerque et al. 2007 , Santos et al. 2010 , Proença-Modena et al. 2011 and this is the first study conducted in the Central-West Region of Brazil. In addition, our study is unique because the study period of 1994-2004 allows us to assess HBoV-1 and HBoV-3 circulation prior to the discovery of this virus.
In this study, a detection rate of 5.8% was observed for HBoV-1 or HBoV-3, which was similar to that reported by other studies conducted in different parts of the world , Vicente et al. 2007 , including Brazil (Albuquerque et al. 2007 ). Based on the mean occurrence of other gastroenteric viruses in the region, HBoV-1 could be considered the third most common after RVAs and human cali-civiruses (Cardoso et al. 2003 , Costa et al. 2004 , Borges et al. 2006 , Andreasi et al. 2008 . Additionally, it must be noted that primer pairs that detect only HBoV species 1 and 3 were used in this study and if one considers that species 2 appears to be predominant in individuals with gastroenteritis (Arthur et al. 2009 , Chow et al. 2010 , the observed positivity rate for HBoVs may be underestimated. Therefore, future studies should be conducted to confirm this assumption.
In this study, a similar detection rate for HBoV-1 was observed in both male and female children, which is in agreement with other studies conducted in other parts of the world , Han et al. 2009 ). This finding reinforces data from previous investigations conducted in the region that show no difference in gastroenteric virus detection rates regardless of the children's gender (Camarota et al. 1992 , Borges et al. 2006 .
A significant correlation between the occurrence of gastroenteric viruses and the age of the children has been observed in the Central-West Region of Brazil. For example, RVAs have been predominantly detected among children up to 24 months of age (Camarota et al. 1992 , Cardoso et al. 2003 , Costa et al. 2004 , with a similar age range observed for astroviruses (Silva et al. 2009 ) and adenoviruses (Cardoso et al. 1989) . The caliciviruses were detected in children up to 36 months of age (or 36 months-old) (Borges et al. 2006) .
A study conducted in South Korea reported a higher detection rate for HBoVs among children in the 25-30-month-old group . In the present study, HBoV-1 and HBoV-3 were detected in children less than five years of age, which is in agreement with other studies conducted in different parts of the world (Campe et al. 2008 , Huang et al. 2009 , Karalar et al. 2009 , Tozer et al. 2009 ), including Brazil (Albuquerque et al. 2007) .
A seasonal pattern of gastroenteric virus circulation was observed in previous studies conducted in Brazil. In the Central-West Region of the country, the four seasons of the year are not well defined and only a dry and a rainy period are observed, corresponding to the months of April-August and September-March, respectively. Notably, RVAs are mainly detected during the dry season (Cardoso et al. 2003 , Costa et al. 2004 , whereas astroviruses and caliciviruses are more prevalent in the rainy period (Borges et al. 2006 . However, in the present investigation, a seasonal pattern of circulation was not observed for HBoV-1, which was detected throughout the year during the study period. For comparative purposes, data regarding viral seasonality are scarce and, to our knowledge, only one study, conducted in Japan, has considered this variable and reported a higher prevalence of HBoV during the winter compared to other seasons (Nakanishi et al. 2009 ).
Recently, HBoV-2 has been significantly associated with acute gastroenteritis (Arthur et al. 2009 ); however, the role of HBoV-1 and HBoV-3 in the aetiology of viral gastroenteritis has not yet been completely established. The inability to elucidate this role could be attributed, in part, to the frequent association of HBoVs with other gastroenteric viruses (Albuquerque et al. 2007 , Arthur et al. 2009 , Nakanishi et al. 2009 , Chow et al. 2010 . Studies conducted in Japan, Australia and South Korea have observed an association of HBoV with RVAs, adenoviruses, astroviruses and caliciviruses with a higher frequency Phylogenetic analysis of the nucleotide sequences from a region of the human bocaviruses (HBoVs) gene. The diamonds represent the samples obtained in this study (Goiânia, state of Goíás, Brasília, Federal District, and Campo Grande, state of Mato Grosso do Sul). Samples with 100% nucleotide identity were designated haplotypes, which represents the following samples: 916014, 10352 and 15097.
of HBoVs in association with RVA and noroviruses (Arthur et al. 2009 , Han et al. 2009 , Nakanishi et al. 2009 ). In the present investigation, a co-infection rate of 31.8% for HBoV-1 associated with RVA and Aichi virus was observed. Therefore, HBoV-1 was detected alone in a significant percentage of gastroenteritis cases, thereby suggesting a potential role of this agent in the context of acute gastroenteritis in the Central-West Region of Brazil.
The results of the genomic sequencing and phylogenetic analysis of a partial sequence of the NS1 gene showed that 11 of the analysed samples were characterised as HBoV-1, whereas one sample was HBoV-3. The HBoV-1 nucleotide sequences obtained in this study had a high level of identity with sequences previously identified in China, Sweden and Brazil (Allander et al. 2005 , Albuquerque et al. 2007 , Lau et al. 2007 ) and one of these isolates had a nucleotide sequence that was identical to others obtained in other regions in Brazil (Albuquerque et al. 2007 ). Furthermore, three samples had 100% nucleotide identity; two of these samples were from Brasília and one was from Campo Grande, which demonstrated the circulation of the same viral isolate in more than one state in the region. The only isolate characterised as HBoV-3 grouped with others that were previously identified in Australia and Brazil, which suggests viral dissemination in different parts of the world.
The results of this study reinforce the need for further investigations regarding HBoVs. These studies should be conducted in a larger number of individuals and in different populations while considering a broader age group and symptomatology. Furthermore, future studies should target different parts of the viral genome to achieve a better understanding of HBoV epidemiology as well as its related morbidities.
